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Abstract.	
	
The	use	of	electrochemical	techniques	in	the	selective	recovery	of	gold	from	a	solution	
containing	thiosulphate,	ammonia,	and	copper,	obtained	from	the	leaching	of	printed	
circuit	boards	 from	mobile	phones	using	ammoniacal	 thiosulphate,	are	shown	 in	 this	
work.	 First,	 cyclic	 voltammetry	 tests	 were	 performed	 to	 determine	 the	 potential	 of	
electrodeposition	 of	 gold	 and	 copper,	 and	 then,	 electrowinning	 tests	 at	 different	
potentials	 for	 checking	 the	 rates	 of	 recovery	 of	 these	 metals	 were	 performed.	 The	
results	of	the	cyclic	voltammetry	show	that	copper	deposition	occurs	at	potentials	more	
negative	 than	−600	mV	 (Ag/AgCl),	whereas	 the	gold	deposition	can	be	performed	at	
potentials	more	positives	than	−600	mV	(Ag/AgCl).	The	results	of	electrowinning	show	
that	99%	of	 the	gold	present	 in	solutions	containing	 thiosulphate	and	copper	can	be	
selectively	recovered	in	a	potential	range	between	−400	mV	(vs	Ag/	AgCl)	and	−500	mV	
(vs	Ag/AgCl).	Furthermore,	99%	of	copper	can	be	recovered	in	potentials	more	negative	
than	−700	mV	(vs	Ag/	AgCl).	
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1. Introduction.	
	
Technological	 developments	 observed	 in	 recent	 years	 have	 made	 electrical	 and	
electronic	 equipment	 extremely	 popular,	 which	 has	 brought	 up	 environmental	
problems,	such	as	the	increase	on	demand	for	precious	metals	and	the	disposal	and/or	
discard	of	the	electronic	appliance,	that	become	obsolete	very	rapidly.	An	alternative	to	
minimise	this	problem	would	be	the	recovery	of	metals,	like	gold,	from	the	discarded	
electronic	scraps.	
	
Gold,	owing	to	its	characteristics,	combines	excellent	conductivity	with	high	corrosion	
resistance,	and	it	is	widely	used	in	industries	for	electrical	and	electronic	products.	It	can	
be	 found	 in	 printed	 circuit	 boards	 of	 computers,	 mobile	 phones,	 smart	 phones,	
televisions,	 and	 cameras,	 among	 other	 products.	 Thus,	 when	 these	 electrical	 and	
electronic	 products	 are	 discarded	 by	 technological	 obsolescence	 or	 defects,	without	
adequate	treatment,	significant	quantities	of	gold	and	other	metals	are	wasted	(Babu	et	
al.,	2007;	Chancerel	et	al.,	2010).	A	tonne	of	printed	circuit	boards	of	mobile	phones,	for	
example,	contains	on	average	about	340	g	of	gold.	Considering	that	each	year	thousands	
of	devices	of	mobile	phones,	obsolete	or	defective,	are	discarded	worldwide,	the	value	
of	the	gold	in	the	market,	and	the	reduction	of	its	natural	reserves,	it	can	be	promising	
that	their	recycling	is	beneficial	for	both	economic	and	environmental	aspects	(Friege,	
2012;	Hagelüken	and	Corti,	2010;	Kasper	et	al.,	2011a).	
	
An	alternative	for	the	recovery	of	gold	present	in	the	printed	circuit	boards	of	mobile	
phones	 would	 be	 to	 use	 a	 combination	 of	 hydrometallurgical	 techniques	 (metal	
dissolution)	and	electrometallurgical	techniques	(metal	recovery).		
	
In	 the	 conventional	 processes	 for	 gold	 recovery	 by	 the	 hydrometallurgical	 route,	
products	based	on	cyanide	could	be	used	to	extract	the	gold	present	in	electronic	scrap.	
However,	the	cyanide	is	highly	toxic	and,	therefore,	should	be	handled	and	disposed	of	
into	 the	 environment	 with	 care	 and	 with	 proper	 treatment.	 In	 view	 of	 this,	 other	
products	with	lower	environmental	impacts	have	been	tested.	Among	these	alternative	
leaching	agents,	the	thiosulphate	is	one	of	the	greater	possibilities	of	industrial	appli-	
cation	(Aylmore,	2005;	Zhang	et	al.,	2012).	
	
The	use	of	 thiosulphate	 in	 the	 leaching	of	 gold	ores	has	been	widely	 studied.	 These	
studies	show	that	the	efficiency	of	thiosulphate	as	a	leaching	agent	depends	on	the	type	
of	mineral	to	which	gold	is	associated.	The	results	indicated	that	for	some	types	of	gold	
ores,	 the	 leaching	 rates	 were	 better	 than	 those	 obtained	 in	 the	 conventional	
cyanidation;	 whereas	 for	 other	 types	 of	 gold	 ores,	 the	 leaching	 rates	were	 deemed	
unsatisfactory	 (Arslan	 and	 Sayiner,	 2008;	 Aylmore	 and	Muir,	 2001;	 Berezowsky	 and	
Sefton,	1979;	Feng	and	Van	Deventer,	2006,	2007;	Navarro	et	al.,	2002;	Senanayake,	
2007).	The	thiosulphate	was	also	tested	with	success	as	a	leaching	agent	for	gold	in	the	
scrap	of	printed	circuit	boards	of	mobile	phones	(Ha	et	al.,	2010;	Tripathi	et	al.,	2012).	
	
The	gold	leaching	process	by	thiosulphate	may	be	described	by	the	following	reaction	
(Abbruzzese	et	al.,	1995):	
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() + 𝐶𝑢 𝑆&𝑂( (
0) + 4𝑁𝐻(	

	
The	 dissolution	 of	 gold	 by	 thiosulphate	 takes	 place	 by	 the	 formation	 of	 a	 complex	
aurothiosulphate	[Au(S2O3)23-].	 In	addition	to	thiosulphate,	 in	this	process,	copper	 (II)	
sulphate	 and	 ammonium	 are	 used.	 Copper	 (II)	 sulphate	 acts	 as	 an	 oxidising	 agent,	
catalyzing	the	reaction.	The	ammonium	has	the	role	of	stabilising	copper	II,	through	the	
formation	of	a	cupric	tetraamine	complex	[Cu(NH3)42+]	(Aylmore	and	Muir,	2001;	Breuer	
and	Jeffrey,	2000;	Jeffrey,	2001;	Li	et	al.,	1995;	Senanayake,	2004;	Zhang	and	Nicol,	2003,	
2005).	
	
The	recovery	of	gold	from	conventional	cyanide	leach	liquors	has	been	performed	using	
several	techniques,	such	as	electrowinning,	precipitation,	solvent	extraction,	activated	
charcoal,	 and	 ion	exchange	 resin.	 Similarly,	 these	 same	processes	have	also	been	be	
applied	to	the	recovery	of	gold	from	ammoniacal	thiosulphate	leach	liquors	(Grosse	et	
al.,	2003).	
	
The	electrowinning	 is	an	electrochemical	process	of	 the	 recovery	of	metal	 ions	 from	
solution	by	the	application	of	different	potentials	or	current	intensities.	In	this	process,	
the	 ions	 in	 the	solution	will	migrate	to	the	cathode	and	form	a	metallic	deposit.	The	
electrowinning	 is	 employed	 to	 extract	 metals,	 such	 as	 cop-	 per,	 zinc,	 nickel,	 gold,	
manganese,	and	cadmium,	from	their	solutions,	and	various	studies	indicate	that	it	is	an	
process	attractive	both	economically	and	environmentally	 (Carrillo-Abad	et	al.,	2012;	
Fourcade	 et	 al.,	 2003;	 Garcia-Gabaldon	 et	 al.,	 2005;	 Garcia-Gabaldon	 et	 al.,	 2006;	
Gromov	et	al.,	2004;	Kasper	et	al.,	2011b;	Peng	et	al.,	2011;	Reyes	Cruz	et	al.,	2002;	Veit	
et	al.,	2006;	Yap	and	Mohamed,	2007).	
	
However,	 researches	 regarding	 the	 recovery	 of	 gold	 from	 ammoniacal	 thiosulphate	
solution	 by	 electrowinning	 show	 con-	 troversial	 results.	 Some	 authors	 consider	 this	
technique	feasible	while	others	disagree.	The	high	copper	concentration	and	reactions	
involving	oxidation	or	reduction	of	thiosulphate	are	considered	the	main	barriers	for	the	
gold	 recovery	 by	 electrochemical	 techniques	 (Alonso	 et	 al.,	 2007;	 Aylmore,	 2005;	
Aylmore	and	Muir,	2001;	Grosse	et	al.,	2003;	Harrison	and	Thompson,	1973;	Trindade	
and	Barbosa	Filho,	2002).	
	
Thus,	according	to	these	controversial	results	reported	by	several	authors,	this	article	
aims	 to	 study	of	 the	 reduction	potentials	 to	 gold	 and	 copper	 in	 solutions	 containing	
thiosulphate	and,	from	this,	verify	the	possibility	of	gold	recovery	from	printed	circuit	
boards	of	mobile	phones	by	electrowinning.	
	
	 	



2. Materials	and	methods.	
	
Initially,	some		considerations		should		be		made		regarding		the	materials	used	in	this	
study.	
	

1. The	anion	[AuCl4-]	is	used	to	prepare	gold	complexes.	In	solution,	this	anion	can	
suffer	acid	or	alkaline	hydrolysis,	where	the	chloride	ions	are	replaced	by	[H2O]	
or	[OH-],	respectively	(Mironov	and	Makotchenko,	2009).	

2. The	potential	of	gold	electrowinning	is	affected	by	several	factors,	such	as	the	
nature	of	 the	electrode,	pH,	complexing	agents,	electrolytes,	and	other	metal	
ions	present	in	the	solution	(Trejo	et	al.,	1996).	

3. The	gold	 in	ammoniacal	medium	can	dissociate,	 forming	gold	 (III)	and	gold	 (I)	
(Lack	et	al.,	1999).	

	
Solutions	
	
In	this	work,	the	following	reagents	were	used:	Gold	(III)	chloride	(AuCl3,	64.4%	Au,	by	
Alfa	Aesar	GmbH),	copper	(II)	sulphate	(CuSO4.5H2O,	by	Panreac),	sodium	thiosulphate	
(Na2S2O3·5H2O,	by	Panreac),	ammonium	hydroxide	(NH4OH,	29%,	by	J	T	Baker),	sodium	
hydroxide	(NaOH,	by	Panreac),	and	hydrochloric	acid	(HCl	by	Panreac).		
	
A	synthetic	solution	containing	1000	ppm	of	gold	was	prepared	by	dissolving	the	gold	
(III)	 chloride	 in	water	and	hydrochloric	acid,	 forming	HAuCl4.	Aliquots	were	 removed	
from	this	solution	for	testing	cyclic	voltammetry	and	electrolysis.	
	
In	the	cyclic	voltammetry	studies,	solutions	obtained	in	previous	studies	(Ha	et	al.,	2010;	
Kasper	et	al.	2012;	Tripathi	et	al.,	2012),	containing	0.12	M	thiosulphate,	15	mM	copper	
sulphate,	and	0.2	M	ammonia	were	used.	For	the	electrolysis	studies,	1000	ppm	(1000	
mg	Cu	L-1)	of	copper	was	used,	whereas	the	concentrations	of	sodium	thiosulphate	and	
ammonia	were	the	same	used	in	the	cyclic	voltammetry	studies.	
	
The	 thiosulphate	and	copper	 solutions	were	prepared	before	each	 test.	All	 solutions	
were	obtained	from	analytical	grade	reagents	and	prepared	with	distillated	water.	
	
All	the	studies	were	performed	at	pH	10	±0.1	and	a	temperature	of	25	±1	°C.	
	
Voltammetry	studies	
	
In	 this	 study,	 a	 conventional	 three-electrode	 cell	was	 used.	 A	 platinum	 rotating	 disc	
enclosed	in	Teflon	with	a	surface	area	of	0.078	cm2	was	used	as	a	working	electrode.	An	
electrode	 of	 Ag/AgCl	 (in	 saturated	 KCl)	 was	 used	 as	 the	 reference	 electrode,	 and	 a	
platinum	electrode	was	used	as	the	counter	electrode.	
	
Before	 each	 experiment,	 the	 surface	 of	 the	 working	 electrode	 was	 mechanically	
polished	(with	use	of	alumina	powder)	and	rinsed	off	with	distilled	water.	The	solutions	
were	 deoxygenated	 for	 10	 minutes	 with	 ultrapure	 nitrogen.	 The	 atmosphere	 was	
maintained	 inert	during	 the	whole	measurement	 to	eliminate	oxygen	 reduction	as	 a	



cathodic	reaction.	
	
The	electrolytes	used	in	this	work,	to	cyclic	voltammetry	studies,	are	shown	in	Table	1.	
	
The	potential	range	used	in	this		study		was		+1500	mV	to	−1500	mV.	The	electrochemical	
experiments	 were	 controlled	 using	 an	 Autolab	 PGSTAT20	 potentiostat/galvanostat	
connected	to	a	PC	(Software	GPES	4.9).	
	
Table	1.	List	of	cyclic	voltammetry	tests	shown	in	this	article.	
	
	
	
	
	
	
	
	
	
	
Electrolysis	studies	
	
The	electrochemical	reactor	used	in	this	work	consisted	of	a	150	mL	Pyrex	glass.	Two	
electrodes	of	graphite	were	used	with	the	cathode	and	the	anode,	and	an	electrode	of	
Ag/AgCl	(in	saturated	KCl)	was	used	with	the	reference	electrode.	Both	the	cathode	and	
the	anode	were	made	of	two	cylindrical	graphite	bars	with	an	effective	area	of	14.15	
cm2.	
	
Preliminary	 leaching	 tests	 carried	 out	 by	 the	 authors	 (Kasper	 et	 al.,	 2011b)	 and	 the	
literature	data	(Chancerel	et	al.,	2009;	Huisman,	2008;	UNEP,	2009,	2013)	show	that	the	
amount	 of	 gold	 present	 in	 the	 printed	 circuit	 boards	 of	 mobile	 phones	 is	 variable	
depending	on	the	type	or	model	of	board.	Consequently,	the	amount	of	gold	present	in	
the	leaching	solution	also	can	vary.	Therefore,	in	this	work,	electrowinning	tests	were	
performed,	initially	with	solutions	containing	100	ppm	of	gold,	and	after	with	solutions	
containing	10	ppm	of	gold.	In	both	cases,	the	concentrations	of	the	other	components	
present	in	the	solution	(copper,	ammonia,	and	thiosulphate)	were	kept	constant.	
	
The	electrowinning	tests	performed	in	this	work	are	shown	in	Table	2.	
	
The	electrolysis	experiments	were	controlled	with	a	potentiostat/galvanostat	Autolab	
PGSTAT302N	that	was	connected	to	a	PC	(Software	GPES	4.9).	
	
The	gold	and	copper	concentrations	in	solutions	were	measured	by	atomic	absorption	
spectrophotometry	 (AAS)	with	 Spectrophotometer	 Perkin-Elmer,	model	 Analyst	 100.	
For	 measuring	 the	 concentration	 of	 gold,	 a	 gold	 hollow	 cathode	 lamp	 at	 242.8	 nm	
wavelength,	0.2	nm	spectral	bandwidth,	and	an	operating	current	of	10	mA	was	used.	
For	measuring	the	concentration	of	the	copper	hollow	lamp,	the	wavelength	used	was	
218.2	nm,	the	spectral	bandwidth	was	0.2	nm,	and	the	applied	operating	current	was	

   

 Cu + Na2S2O3 + NH4OH  
 Cu + NH4OH 	
 Au (50 ppm) + NH4OH  
 Au (100 ppm) + NH4OH 	
 Au (100 ppm) + Na2S2O3 + NH4OH  
 Au (100 ppm) + NH4OH 	
 Cu + Na2S2O3 + NH4OH  
 Au + Cu + Na2S2O3 + NH4OH 	

	



10	mA.	
	
Table	2.	List	of	electrowinning	tests	performed	in	this	article.	
	

Electrolysis Solution composition Potential (mV) Figure 

Gold electrowinning Au (100 ppm) + Cu + Na2S2O3 + NH4OH −250 
−400 

5 

	 	 −500 	
	 	 −700 	
	 	 −1000 	
Copper electrowinning Au (100 ppm) + Cu + Na2S2O3 + NH4OH −500 

−700 
6 

	 	 −1000 	
Gold electrowinning Au (10 ppm) + Cu + Na2S2O3 + NH4OH −400 

−500 
11 

	
	
	 	



3. Results	and	discussion.	
	
The	use	of	electrochemical	processes	in	the	selective	recovery	of	metals	from	a	solution	
depends	 on	 the	 electrodeposition	 potential	 of	 each	 of	 these	 metals.	 Thus,	 if	 the	
electrodeposition	 potentials	 are	 very	 different,	 it	 is	 possible	 to	 easily	 recover	 these	
metals	by	performing	successive	stages	of	electrowinning	at	different	potentials.	In	the	
case	of	gold	and	copper,	these	potentials	are	fairly	close,	which	requires	a	strict	control	
of	the	system	variables,	 in	order	to	obtain	a	selective	and	efficient	recovery	between	
the	two	species.	
	
Voltammetry	study	of	copper.	
	
Figure	1	shows	a	comparison	between	voltammograms	obtained	in	tests	with	copper	
sulphate	with	and	without	thiosulphate.	In	Figure	1	we	can	see	two	peaks	of	reduction	
in	the	voltammogram	from	the	solution	without	thiosulphate,	peak	A	at	approximately	
−450	 mV	 (vs	 Ag/AgCl)	 and	 peak	 B	 at	 approximately	 −150	 mV	 (vs	 Ag/AgCl).	 In	 the	
voltammogram,	the	solution	containing	thiosulphate	only	one	peak	of	 the	reduction,	
peak	C	at	approximately	−600	mV	(vs	Ag/AgCl)	was	detected.	

	
Figure	1.		Cyclic	voltammograms	obtained	at	a	platinum	electrode	of	15	mM	CuSO4,	0.2	
M	de	NH4OH,	and	0.12	M	Na2S2O3;	pH	10	(±0.1);	Scan	rate	20	mVs-1.	
	
This	behaviour	can	be	explained	by	the	fact	that	the	copper,	in	the	aqueous	solutions,	
reacts	 with	 ammonium	 and	 forms	 two	 highly	 stable	 complexes:	 the	 cupric	 ammine	
complex	 [Cu(NH3)42+,	 Cu(NH3)52+,	 Cu(NH3)32+]	 and	 the	 cuprous	 ammine	 complex	
[Cu(NH3)2+].	Peak	A	at	−450	mV	(vs	Ag/AgCl)	corresponds	to	a	reduction	of	Cu(II)/Cu(I),	
whereas	 peak	 B	 at	 −150	mV	 (vs	 Ag/AgCl)	 corresponds	 to	 a	 reduction	 of	 Cu(I)/Cu(0).	
These	results	are	similar	to	the	results	obtained	by	other	researchers	in	studies	on	the	
electrochemical	behaviour	of	copper/ammonium	solutions	(Giannopoulou	et	al.,	2009;	
Koyama	et	al.,	2006;	Vazquez-Arenas	et	al.	2007).	



With	the	addition	of	thiosulphate	to	the	solution	containing	copper,	the	concentration	
of	 Cu(II)	 decreases	 in	 an	 ammoniacal	 medium.	 This	 decreases	 the	 concentration	 of	
Cu(II),	 especially	 in	 the	 absence	 of	 oxygen	 owing	 to	 the	 reaction	 of	 copper	 with	
thiosulphate.	This	fact	indicates	that	the	copper	solution	with	thiosulphate	reacts	and	
forms	the	complex	Cu(I),	which	means	that	under	these	conditions,	electrodeposition	
occurs	 in	one	step.	Therefore,	we	observe	only	a	single	peak	of	reduction,	peak	C,	 in	
approximately	−600	mV	(vs	Ag/AgCl),	which	corresponds	to	a	reduction	of	Cu(I)/Cu(0).	
	
Voltammetry	study	of	gold	
	
Figure	2	shows	a	comparison	between	the	cyclic	voltammograms	obtained	from	tests	
on	two	different	concentrations	of	gold	in	ammoniacal	medium	(at	50	ppm	and	at	100	
ppm)	 at	 pH	 10	 (±0.1).	 In	 this	 voltammogram,	 two	 peaks	 of	 cathodic	 reduction	 are	
observed,	whose	intensity	increases	with	the	increase	of	the	concentration	of	gold	in	
the	solution.	This	fact	indicates	that	these	two	peaks	refer	to	gold	reduction	processes.	
	

	
Figure	2.	Cyclic	voltammograms	of	gold	in	ammoniacal	medium	at	a	platinum	electrode;	
pH	10	(±0.1);	Scan	rate	20	mVs-1.	
	
Thus,	the	peak	at	approximately	150	mV	(vs	Ag/AgCl)	corresponds	to	the	reduction	of	
Au(III)/Au(I),	and	another	peak	at	approximately	−230	mV	(vs	Ag/AgCl)	corresponds	to	
the	reduction	of	Au(I)/Au(0).	
	
Figure	3	shows	a	comparison	between	the	cyclic	voltammograms	obtained	in	the	tests	
with	 solutions	 containing	 gold,	 with	 and	 without	 thiosulphate,	 in	 an	 ammoniacal	
medium.	
	



	
Figure	3.	Cyclic	voltammograms	obtained	at	a	platinum	electrode	by	500	ppm	Au,	0.2	M	
de	NH4OH,	and	0.12	M	Na2S2O3;	Scan	rate	60	mVs-1.	
	
The	order	of	stability	constant	(log	β)	is	[Au(S2O3)23-]	>	[Au(NH3)+2]	>	[AuCl2],	with	the	
value	of	26,	19	and	9,	respectively.	Thus,	the	gold(I)	complex	formed	with	thiosulphate	
predominates	over	the	other	complexes.	This	was	evidenced	by	the	fact	that,	during	the	
preparation	of	solutions	for	the	tests,	the	solution	of	gold	chloride	(III)	with	the	yellow	
colour	became	colourless	from	the	addition	of	thiosulphate,	indicating	the	formation	of	
an	aurothiosulphate	complex.	
	
This	comparison	shows	two	peaks	of	cathodic	reduction,	peak	D	at	−250	mV	(vs	Ag/AgCl)	
and	peak	E	at	250	mV	(vs	Ag/AgCl)	for	a	solution	containing	only	gold	(an	ammoniacal	
medium);	 these	 peaks	 correspond	 to	 a	 reduction	 of	 Au(III)/Au(I)	 and	 a	 reduction	 of	
Au(I)/Au(0).	However,	when	the	thiosulphate	is	added	to	the	solution,	only	one	peak	of	
the	cathodic	reduction	is	observed,	peak	F	in	approximately	300	mV	(vs	Ag/AgCl);	this	
peak	corresponds	to	the	reduction	of	Au(I)/Au(0).	
	
Voltammetric	study	of	gold–copper–thiosulphate–ammonium	solutions	
	
Figure	 4	 shows	 a	 comparison	 between	 a	 solution	 of	 thiosulphate	 in	 an	 ammoniacal	
medium	 containing	 only	 copper	 and	 a	 solution	 of	 thiosulphate	 in	 an	 ammoniacal	
medium	containing	copper	and	gold.	
	
In	 the	 voltammogram	 obtained	 from	 the	 solution	 containing	 copper	 and	 gold,	 two	
reduction	peaks	are	observed.	The	 first	peak,	peak	G,	at	approximately	−630	mV	 (vs	
Ag/AgCl),	 corresponds	 to	 the	 reduction	of	Cu(I)/Cu(0),	and	 the	 second	peak,	peak	H,	
corresponds	 to	 the	peak	 reduction	of	Au(I)/Au(0),	which	now	appears	 shifted	 in	 the	
positive	 direction	 by	 about	 −50	 mV.	 In	 the	 voltammogram	 obtained	 of	 a	 solution	



containing	thiosulfate	and	copper,	the	peak	I	corresponds	to	the	reduction	of	Cu(I)/Cu(0)	
in	approximately	-600	mV	(vs	Ag/AgCl),	and	which	in	the	presence	of	gold	was	shifted	in	
the	negative	direction.	
	
The	fact	that	the	peaks	of	reduction	of	the	copper	(peak	G)	and	the	gold	(peak	H)	appear	
clearly	separated	indicates	that	under	these	conditions,	selective	electrodeposition	of	
the	two	metals	would	be	possible.	
	

	
Figure	4.	Cyclic	voltammograms	obtained	at	a	platinum	electrode	by	500	ppm	Au,	15	
mM	CuSO4,	0.2	M	de	NH4OH,	and	0.12	M	Na2S2O3;	Scan	rate	20	mVs-1;	without	agitation.	
	
	
Electrolysis	studies	
	
To	 study	 the	 possibility	 of	 selective	 separation	 of	 gold	 in	 the	 presence	 of	 copper	 in	
thiosulphate	medium,	several	electrolysis	steps	were	carried	out	in	the	potentiostatic	
mode,	in	which	the	potentials	are	selected	from	the	results	obtained	in	the	voltammetric	
study,	as	discussed	earlier.	Figures	5	and	6	show	the	evolution	of	the	concentration	of	
gold	and	copper,	respectively,	as	a	function	of	the	time	for	different	electrode	potentials	
applied	to	a	solution	containing	100	ppm	of	gold	and	1000	ppm	of	copper.	As	shown	in	
Figure	5,	the	fraction	of	recovered	gold	increases	with	time	and	is	higher	than	how	much	
more	cathodic	electrode	potential	is	applied.	On	the	other	hand,	in	Figure	6,	it	can	be	
seen	that	copper	is	deposited	only	in	the	potentials	that	are	more	cathodic	than	−700	
mV.	Therefore,	according	to	the	earlier	results,	it	is	possible	to	conduct	gold	recovery	
for	electrowinning	in	the	presence	of	copper.	
	



	
Figure	5.	Behaviour	of	gold	during	the	electrolysis	in	ammonium	medium:	for	gold	100	
ppm	and	for	copper	1000	ppm.	
	
	

	
Figure	6.	Behaviour	of	copper	during	the	electrolysis	 in	ammonium	medium:	for	gold	
100	ppm	and	for	copper	1000	ppm.	
	
In	Figure	5,	it	can	be	seen	that	at	−250	mV	(vs	Ag/AgCl),	the	rate	of	gold	recovered	from	
the	solution	from	thiosulphate	(in	ammoniacal	medium)	containing	gold	and	copper	was	
approximately	90%	in	300	minutes;	whereas	at	−400	mV,	−500	mV,	and	−700	mV	(vs	
Ag/AgCl),	 the	 gold	 recovered	 rate	was	 close	 to	 99%	 in	 300	minutes.	 Thus,	 the	 gold	



electrodeposition	should	occur	in	a	potential	between	−400	and	−500	mV	(vs	Ag/AgCl).	
	
In	Figure	6,	it	can	be	seen	that	at	cathodic	potentials	higher	than	−1000	mV	(vs	Ag/AgCl),	
the	rate	of	the	recovery	of	copper	reaches	99%	very	rapidly,	causing	a	detachment	of	
the	 layer	 deposited	 at	 the	 cathode	 and	 consequent	 redissolution	 of	 the	 copper.	
However,	at	−700	mV	(vs	Ag/AgCl),	the	rate	of	the	copper	recovery	reached	99%	in	270	
minutes.	In	this	cathodic	potential,	the	reaction	of	electrowinning	was	slower,	but	the	
quality	 of	 the	 deposited	 layer	 was	 higher.	 At	 a	 cathodic	 potential	 of	 −500	 mV	 (vs	
Ag/AgCl),	either	no	copper	was	deposited	or	the	rate	of	electrowinning	of	copper	was	
below	the	detection	limit.	
	
In	 Figure	 7,	 the	 variation	 of	 the	 current	with	 time	 is	 shown	 for	 each	 of	 the	 applied	
potentials.	As	shown,	for	any	of	the	potentials	applied,	the	current	decreases	with	time	
owing	 to	 the	 exhaustion	 of	 gold	 and	 copper	 ions	 in	 the	 solution.	 Further,	 the	more	
negative	 the	 potential	 applied,	 the	 greater	 is	 the	 current,	 because	 the	 speed	 of	 the	
electrochemical	reactions	is	greater.	The	increase	of	current	with	the	potential	for	the	
values	of	−700	and	−1000	mV	should	be	noted,	owing	to	joint	deposition	of	gold	and	
copper.	
	

	
Figure	7.	Variation	of	the	current	with	time	for	the	potential.	
	
For	 a	 given	 value	 of	 applied	 potential,	 under	 the	 conditions	 that	 the	 copper	 is	 not	
deposited,	the	presence	of	copper	has	no	influence	on	the	electrochemical	deposition	
of	gold,	as	shown	in	Figure	8,	where	it	represents	the	evolution	of	the	concentration	of	
gold	with	time	for	an	applied	potential	of	−500	mV	(vs	Ag/AgCl).	However,	the	presence	
of	copper	influences	the	intensity	for	this	potential.	
	



	
Figure	8.	Evolution	of	the	concentration	of	gold	with	the	time	at	−500	mV	(vs	Ag/AgCl).	
	
Figure	 9	 shows	 the	 evolution	 of	 current	 over	 time	 for	 a	 potential	 of	 −500	 mV	 (vs	
Ag/AgCl).	It	can	be	verified	that	the	presence	of	copper	makes	the	current	much	higher,	
probably	 owing	 to	 the	 copper	 favouring	 the	 hydrogen	 evolution	 reaction	 (Bard	 and	
Faulkner,	 2001).	 This	 results	 in	 the	 electrical	 performance	 being	much	 lower	 in	 the	
presence	of	copper,	as	shown	in	Figure	10,	where	the	evolution	of	the	current	efficiency	
is	 represented	 by	 time	 at	 a	 potential	 of	 −500	mV	 (vs	 Ag/AgCl)	 in	 the	 presence	 and	
absence	of	copper	in	the	solution.	The	current	efficiency	was	calculated	by	the	following	
expression:	

	
(1)	

	
where	 φ	 is	 the	 current	 efficiency,	 V	 is	 the	 reaction	 volume,	 C0	 is	 the	 initial	 gold	
concentration,	 C(t)	 is	 the	 gold	 concentration	 at	 time	 t,	 n	 is	 the	number	of	 electrons	
involved	 in	 the	electrochemical	 reaction	 (1),	 F	 is	 the	Faraday’s	 constant,	 and	 I	 is	 the	
current.	
	
In	Figure	11,	the	results	obtained	from	tests	in	a	solution	with	a	concentration	of	gold	of	
10	ppm	can	be	seen.	We	can	see	that	for	lower	gold	concentrations,	the	percentage	of	
gold	 recovered	 at	 −400	mV	 (vs	 Ag/AgCl)	was	 about	 60%	 in	 300	minutes.	During	 the	
application	 of	 the	 potential	 of	 −500	mV,	 it	was	 possible	 to	 recover	 90%	of	 the	 gold	
present	in	the	solution.	The	results	suggest	that	in	these	cases	a	potential	greater	than	
−500	mV	should	be	applied	(vs	Ag/AgCl).	
	



	
Figure	9.	Evolution	of	current	over	time	at	−500	mV	(vs	Ag/AgCl).	
	

	
	
Figure	10.	Evolution	of	the	current	efficiency	with	time	at	a	potential	of	−500	mV	(vs	
Ag/AgCl).	
	



	
	
Figure	11.	Behaviour	of	gold	during	the	electrolysis	in	ammonium	medium:	for	gold	10	
ppm	and	for	copper	1000	ppm.	
	
	 	



4. Conclusions	
	
The	results	obtained	of	this	study	demonstrate	the	possibility	of	a	selective	recovery	of	
gold	and	copper	from	the	solutions	obtained	from	the	leaching	of	printed	circuit	boards,	
from	mobile	phones,	containing	thiosulphate	in	ammoniacal	medium	by	electrowinning.	
	
The	results	of	the	cyclic	voltammetry	tests	show	which	copper	deposition,	under	these	
conditions,	occurs	at	potentials	more	negative	than	−600	mV	(vs	Ag/AgCl),	whereas	the	
gold	 deposition	 can	 be	 performed	 at	 potentials	 more	 positive	 than	 −600	 mV	 (vs	
Ag/AgCl).	
	
The	results	of	the	electrodeposition	tests	show	that	99%	of	the	gold	present	in	solutions	
containing	thiosulphate	 in	ammoniacal	medium	can	be	selectively	recovered,	even	in	
the	presence	of	copper,	in	a	potential	range	between	−400	mV	(vs	Ag/AgCl)	and	−500	
mV	 (vs	 Ag/AgCl).	 A	 total	 of	 99%	of	 the	 copper	 can	 be	 recovered	 in	 potentials	more	
negative	than	−700	mV.	
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